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Oblocttves: To reevaluate ihc longevity an i Inrraocu- . 
lar safety of recombinant adenovirus (r Ad]— mediated 
gene delivery after subrctinal injection, and to prolong 
transgene expression through the. combination of 2 syiw 
crgisnciTninnnojntppressanK. * | 

Methods; An rAd sector carrying green fluorescent 
protein (GFP) gent *as delivered subrclinaliy in the. rat 
eye The GFt 1 expression was monitored in ijcal time by 
fundus fluorescent photography. Intraocular ftafcry was 
examined by observation of changes of rerinajl pigmenta- 
tion, ceil infiltration in virus-contacted area, immuno- 
phcnolyphig for CD4* and CDS* cyioLo:Oc|T lympho- 
cytes, and macrophages, histologic, finding?* and 
darkstdapicd ciccrTommography* Two synergistic 
immunosuppressants, cyclosporine and sirolirnus, were 
vised alone or in combination to prolong! transgene 
expression by temporary immunosuppression. 

Resultst The GFP expression peaked on da)j % dramati- 
cally decreased on day ] 0, and was not detectable on day 
1 The decreased G) ; P expression was coincident with 
cell inRliraiinn in virus-coniaaed area. Tmmunostatn- 



ing showed thai ihe infiltrating cells were CD4* and CDS* 
cytotoxic T lymphocytes and CD68* macrophages. 
Clumped retinal pigmentation and decreased b wave «f 
dark-adapted clcsctrorctinograrn were observed at 3 to 4 
weeks after injection. Histologic examination con- 
fi rmed rAd-induced retinal d ogc ncra ri r* n . ' frans* en t im - 
munosuppression by cyclosporine and sirolirnus* either 
alone or in combtuarton. Improved transgene expres- 
sion, with ihccombtnarlott bctngthemosr efficient . The 
combined immunosuppression anenuated but did not re* 
tird fhft rAd-lnduced retinal damag«. 

Conclusions: Transgene expression mediated by rAd 
after sub-retinal delivery is short-term nnd toxic io the. 
retina. Combination of cyclosporins and sirolirnus may 
act as an immunosuppressive, adjunct to prolong rAd- 
mediatcd gene transfer. 

Clinical Relevance: The Intraocular safety of rAd should 
be carefully considered before clinical trials arc per- 
formed. 

Arch Ophthalmol 2002;! 19:2033-1 043 
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Gj ENE THERAPY, which ha$ 
the abiluy to produce 
L high concentrations of 
T therapeutic Hgenis in site 
| for susiai netl periods, has 
the potential to change traditional treat- . 
menu? for human diseases. The eye Is an 
ideal target for gene therapy because it is 
separated from other organs by the blood- 
retinal harrier, there are a limited num- 
ber of cells COttftncd to a small" space, and 
transgene expression can be monitored op- 
\icnlly without invasive interventions. 1 '* 
Recombinant adenovirus (rAd) Is one 
of the most widely used viral vectors tar- 
geting both resting and proliferating cell 
types. In the eye, subreilnul delivery of rAd 
almost exclusively trat\sduccs the retinal 
pigment epithelium {{WE) with high cf- 
"Keacy. a -' ,/ 'The preferential transduction of 
RPK cells is potentially useful to develop 



novel srrareffies for the treatment of reli- 
mvl dcften.eraiionji. V/ It also scctrc* realis- 
tic that delivery of neurotrophic be lor 
genes to die TOPE cells could attenuate the 
progress of retinitis pigmentosa/* 9 How- 
ever, the longevity of rAd-iucdiatcdtrans- 
gene expression in the eye dramatically 
varied from days to months in previous 
suidles. r4 '''" 7 The use uf green fluorescent 
protein (GFP) a* a reporter gene may al- 
low us to noninvasivcly clarify this issue, 
in living animals. 

Host immune response* to Hi and F.3 
region deleted rAds currently present a 
general problem for long-tern* gene de- 
livery. Cytotoxic T lymphocyte* have been 
shown to mediate the destruction of rAd- 
iransduccd cells. Humoral response leads 
the production of antibodies, inhibit- 
iiig rurthcx delivery of rAd. 10 * 13 TVadttion- 
ally, the eye has been considered an 5m- 
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ATERIAL5 AND METR&DS * " *10™^l~SiroWis (kindly provided by wyeth-Aycrst*e- 

. ';. ^i^h, Monmouth Jmtction,^ 

c^Doxvmethvloel^ . 



GENERATION OF rAd 




Al] manip^(i^^<^din^lh^rAcl werc*|^Qiifled 
corcUritc Vii.VcKt ; — r ~ - 1 rl - * — » ~ 

GFP was selected 

SlOn can beraouitOttd 

The rAd, Ad.CWV.GPF; has an El and partiid E3 region 
deletion, and a titer of3.0x i0*° pkque-fornring units/mL 
was used in tills study. 

SUBRETtNAL ADMINISTRATION OF Ad.CMv.CFP; 

All animal opcrimencs adhered m the Association for Re- 
set rch in Vision and Ophthalmology Statement for i he Use 
of Animals in Ophthalmic nnd Vision Rcscsrch.Nonna] con* 
genie pigmental and nonpigmemed RCS/rdy* nits 4 to 6 
weeks of age wero used in this experiment. A 2-uL solu- 
tion containing CuO X 1 0 7 plaque-forming uni is of virus was 
delivered in:o the subreiinal space us described previ- 
ously.^ Phosphate-buttered saline (PBS) was injected in 
the »mc wa;r as a control. Sucocmftit administration lino 
the subreiinal space was confirmed by lhft appearance of a 
subreiinal Mr.h tinder the operating microscope in nonpig- 
muntcd eyes and a partial retinal detachment by ixidiret:i 
ophthftlmtwr opy in pigmented eyes. 

IMMUNOSUPPRESSION BY CYCLOSPORIN* 
IN COMBINATION W1TII SIROLTMUS 

For inununoiuppression, cyclosporine (Novsirtis Pharma- 
ceuticals Australia l*ty Limited, North Ryde, Australia) way 
diluttd v/ith ivaicr for injection' foyicJd H'con'cericrACioii of 



'•■-"•.-..V; * ' r*;**Tfa?i&ii^^ 



inune-privilcged site. However, the Intraocular safecy after 
subreiinal delivery of rAd is; controversial-. 11 M Recent data 
indicate that both humoral and cellular immune re- 
sponses arfi ervoli cd by rAd directly delivered into the sub- 
retinal space. MJ 'This raises \hc possibility ilia; suppres- 
sion of llie host r.nuiunc system may significantly improve 
the efficacy of Irwnsgene expression, 

Cyc.tosporitieli.-is been shown tt> be effective in 
treauncui of immune-mediated ocular disease*. How- 
ever, It is associated with renal, hepatic, and neurologic 
toxic effects that often limit its use in a high dose or for 
a long-term application. 1 w/ Sirolirous, a hyd rophobic 31- 
inernocrcd macrocycUc lactone (C^H^NOiOi kns been 
demonstrated to Inhibit a variety of experimental auto- 
immune disease, retard neoplastic growth; and pro- 
long organ allograft survival. ,MJ 9 There is accumulating 
evidence that lov/ doses of cyclosporine and siroliinus have 
synergistic effects on immunosuppression that may sig- 
nificantly reduce the risk of in vivo toxic effects. ^ 

For all of these reasons, in this study we aimed to 
reevaluate the hngevicy and intraocular safety of rAd- 
mediHled gene delivery in real time after subretinal in* 
jeetion, and to prolong rransgene expression by tcact- 
sientimmutiosujppression via combination of cyclosporine 
and $irOliruu5. 



nosuppression wasiniuated itnmcdlatcly after subrednal ad- 
ministration of Ad.CMY*GFT by miiapcriioncal injecoou 
once a day for 2 wcf.ks. OrboxymethylccUalo^c, the ve- 
hicle usax\ to recbiisuruiesirolimus, was injected in the same . 
way as a control. Alt animals were housed in rooms that wem 
suitable for work with microorganisms and biological haz- 
ards under barrier conditions to prevent lnfeciion. Animals 
were weighed weekly for 3 weeks to monitor their general 
condition.* under inmiunosupprc&lon. 

NONINVASIVE EVALUATION Of GFP EXPRESSION 
AND CLINICAL EXAMINATIONS 

The Cfc-'tf expression was observed by fundus fluorescent 
photography (VHP) at 4, 7, and 10 days, dien weekly for 
1 0 wcclcs, as rep^r ted previously.- 1 ^ The fluorescent signal 
whs assessed by 2 independent olttetvcr? QW.-YS. and 
M.CL.) and graded on u scale of 0 to 5 that involved bod* 
the trailed ucct) nrca and CiFP signal intensity. Tor arra, a 
b-corc of 5 indicated 80% to 100%; 4, 60% to 79%; X 40% 
to f>9%; 1 % 20% to 30%; 1. less than 19%; and 0, ntgaiivc 
For intensity, si scorcof 5 indicated very strung; ^, strong; 
5, moderate; 2. wcaW; 3 , very wealt; and 0» nc^allve. Fun- 
dus color photography wa.«i ^rformedperiodieMlly tn pig- 
mented eyes, and fluorescein angiography was p«rformed 
whHn C KP exprciSiO n* was not de tee uihf r..' 



nr.^uLTS 



TRANSGENTS EXPRESSION AND CHANGES 
OF RTTINAL Fl GMKNTATiON 

After subretinal injection of Ad. CM V,<jl"~E\ lite rertnn 
hi\ag« of n'onpigmentr.d eyes appeared lu be nonnal when 
observed by fundus color photography (Figure 1 A). At 
4 days after injection, strong Gb'P expression was de- 
tected in all eyc5 k although there was some, variability 
In thesize of the fluorescent area (figure 1C). However, 
GH1 1 expression rapidly declined to a basal level at day 
10 (Figure IE) and was. nor detectable ar day 14 by FFP 
(Figure 1G). 

Considering the difficulty of distinguishing pen- 
ctratlon'induced retinal damage from rAd-iuduccd toxic 
efFccts on histologic examination, fundus color photog- 
raphy wa< performed in pi^m exited eyes (n=B) to visu- 
alise the changes after rAd admin i»tc» lion. The pattern 
of Gt-P expression in pigmented eyes was the same as 
Chat Observed in nonpigmcutcd eyes (Figures IB, D). How- 
ever, dist urb+xl pigmentation w3r observed by 3 U> 4 weeks 
after injection (Figure IK). Thxoresccin angiography fur- 
ther demons traced an appearance of **RP£ window de- 
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:e™clcateaa^ .•: 
^weree&mined'fey fluoresce™ microscopy 10 evaluate the ' 
assodaficm between GH> expression and lodrl ccUulartn- 
'Wiratiou. Fro»co sections of 12 to M pro thickness were 
produced for : CD4 l jud CM- cytotoxic T-lympliocyte Inv 
munoatAinirvjs dcsecibwJprcvlously," with llit use of 
monodonalanblxditiagainstniiCO^* (1:50), CDS' U;50) 
Whocytc*, and CD6& (1:500) inacrophages (Serowx tnc, 
Kidlingturt. Oxford, England). 

.flectrorettnogkaphy 

Nine eyes rec^ved:?ubraimlad^ 
and were treated vn'th vehicle (n=+) or cyclosporin* plus 
sirolimus (n=5), and 6 eyes from age-matched untreated 
rats were assessed »y deccrorertnography (EJSLGHi 4 weeks 
after injection. Afttr anesthesia and rnipU'cUiatjon, the «ni~ 
mats were allotvet io adapt to ihc dark for 30 minutes b*- 
forc the scotopic liash ERGs were performed. A platinum 
wire loop was placed on each cornea to act as the jecord- 
electrode, and a reference electrode was connected to 
the ear. Grormd ftfeetrodes were attached to the animate 
back. A xenon itrcfcw li H ht placed 0,5 m in front of the ani- 
mal presented tht flash stimulus at 0.25 I-U. Eight con- 
secutive response were amplified and averaged by mean* 
of a bioampIifUr,data recorder 04acT.aU/2c; ADlnstru- 



...By. 5-weeks a^t er tnJccdVtt. blooct saraples.were takeu frou/ • 
20 rate unde^mn^ . From each anin»l„d3 ~ 

•mi-pfbteftd^^oUtcttdlnahqwrinizcd rate for analy- " 
iw-orwhite blood ccfl count and differential count (Beck- 
man .Coulter, Sydney, Australia). Another 2.0 mL of blood 
wwcolbcied for unalysU of glucose level and rout and liver 
nncuoj by^tindard procedures on an automated ana- 
lyxct (Hitachi 7^7 Autoanarysex; BocbltQger Mannhcuu, 
Sydney, Australia). * 

HISTOLOGIC EXAMINATION 

Eyes were enucleated at 5 (n=22) and 10 <n=* \4) weeks 
after injection. After eye enucleation and Wood sample col- 
lection, the liver and kidney w«ce also harvested. The 
sampled (issues were fixed by 4* p^fomialdchyde for par- 
affin embedding. Paraffin sections 5 to 6 urn thick were pro- 
cessed forhcmatoxylin-eosin staining to evaluate the reti- 
nal morphologic charAcierisries, and sections from livers 
and kidnevs were examined for the evidence of systemic 
toxic effects of immunosuppression. 

STATISTICAL ANALYSTS 

All results arc expressed as mean*SD. Two impaired groups 
were compared with the 2-sample r test. Analysis of vari- 
ance was used to compare 3 or more groups. Differences 
were considered statistically significant at P<,05. 



feet" with stunning exposure of the choroidal large ves- 
sels underneath the retina (Figure III). No vascular 
leal rage was detected during Fluorescein Angiography. The 
retinal depigmentation was not observed in FBS- 
injected eyes (data not shown). 

GFP EXPRESSION, LOCAL CELLULAR 
INFILTRATION, AND IDENTIFICATION 

By exarniivuLion of the fc-C-S whole mounts, strong GFP 
expression was observed at 4 days after injection while 
few inflammatory cells were detected, and GPP was lo- 
calized to the hcjuigunal JRPE celLs (Figure 2A t D). By 
7 days, GFT* expression wa$ mostly delected in the pe- 
ripheral part of the 'arus-injucted area, where the RPE 
morphologic characteristics remained relatively nor- 
mal. Infiltrating cells, however, were observed in the cen- 
ter, accompanied by h decline, in GFP expression. The 
RPE cells became diuorganized, resulting in tht pres- 
ence of "ghoat" UPE cdb (Figure W % E). The GFP ex- 
pression was not detectable at day 14. Instead, a large 
amount of inflaramarory cells accumulated in the vims, 
contacted area> and ItPti elimination was observed (Fig- 
ure 2C, F). Massive c?ll inrUtration mid RPE damage were 
not observed in PDSinjcctcd eyes (data not shown). 



By fluorescent microscopy of cryoseerions, cellular 
infiltration was observed in the svbrcunal space and neu- 
ral retina from 7 days after injection. (Figuna a A), lm- 
munophe no typing showed that most of the infiltrating 
cells were CDS* and CD V cytotoxic T lymphocytes (Fig- 
ure 3B. C), and rnacrophages (CD68 4 ) were also detected 
(Figure 3D). By 4 weeks after injection, cell infiltration 
was dramatically decreased, but retinal degeneration was 
observed in all rAd-injected eyes, demonstrated as re- 
duced number or total loss of the outer nuclear layer and 
slightly affected Inner nuclear layer (Figure 3E, F). Ex- 
cept for the occasional presence of macrophages (CD68") 
at the site of injection, CD4* and CT)8' cytotoxic T lym- 
phocytes and retinal degeneration were not observed in 
f 3 US-injected eyes (data not shown). 

PROLONGED TRANS GENE EXPRESSION 
BY IMMUNOSUPPRESSION 

Monitored by reql-time observation, the efficiency and lon- 
gevity of GFP expression in vehicle-treated rats were simi- 
lar to those observed in noatreated rats. The GFP expres- 
sion was detected in all groups at 4 days after injection 
(Figure 4A~C and Figure S). However, no fluorescent 
signal was detected in the vehicle-treated group at week 
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fi B ara 1. Grwn expression and retinal tmaeesafter subrafina! H«*fl * ***** 

(F and H) atar Inleeiton. A* f and F are retinal Image* obtained from fundus color photogra&hy. C to E and C are images obtained from fundus ffcio escent 
Ma^X^i^Smi^na rtminttfen and choroidal ooUbrtes ot F, dBmottetrafed w fluorescein antfwunv. Arrows In e oom to route 

Curbed retinal pigmentation.. Aitrtb in B, F, and H indicate 8 *d» wtti program rrtmal 

depiomentalion (original maaniftcation x6). 



2 (Figure 5). At 4 weeks after injection, thepercenttge nf 
eyes with GPP expression was o"7%* 50%, and 9% in groups 
Lieaitalwiih cyclosporins plussiroHiwiSi cyclosporinc, and 
siroLtmus, respectively, Single drug application with Stro- 
limus or cyclosporin prolonged GFP expression for up 
to 4 and 9 weeks, respectively. By 10 weeks after injec- 
tion. 25% of the eye: in the cyclosporinc plus sirolimus- 
treatetl group still showed CFP expression (Figure 5). 

To compare the effect of different, stratcgi won. trans- 
gene expression, the Levels of CFP expression were graded 
by seminuanrificati< n that involved both the area and in/ 
tensity, of flunresceit signal (Figure 6). Although cy- 
closporinc and sirelimus, either alone or In combina- 
tion, prolonged GYV expression, Gh'P expression still 
decreased with time at a slower race during the first 2 
weeks. lntcxesriog);varcbon^^ 

served at 1 week arter withdrawal of immunosuppres- 
sion O weeks after ejection) in animals treated with Cy- 
closporinc plus sirolimus (P«,02) and cyclosporin* 
(P=.04) butnotby sirolimus (P>,05). Ai3 and 4 weeks 
after injection, the levels of GFP expression in the sictv 
lirnus- treated group were significantly lower when com- 
pared with the cycosporitie plus sLrolUuus- and cyclo- 



spnrine-treated gToups, respectively (P<01). The GFP 
expression in cyclosporins plus sirolunus- and cyelo- 
sporinc-treatcd groups *'crc comparable foTup to 5 weeks. 
However, from 6 to 9 weeks, the GFF levels In the cy- 
closporine-treated group were significantly lower than 
those observed in tht cyclosporinc plus siroltmus- 
treated group (P<.05). Only the cyclosporinc plussiro- 
lirnutf-treaicd group demonstrated GFP signal when 
observed by FFP at 1 0 weeks after injection, 

- ATTENUATION OF r Ad- INDUCED .MST1NAL 
DAMAGE BY COMBINED IMMUNOSUPPRESSION 

The combined immunosuppression by cyclosporinc plus 
sirolimus attenuated but did not stop rAtl-induced reti- 
nal damage (Figure 7). The ERG results arc summa- 
"rized in Tabl^lTBy 4"wefcks after" injection;- the im- 
plicit lime of the a and b waves and the mean amplitudes 
of the a wave were not significantly different between 
groups. However, the mean amplitudes of the b wave sig- 
nificantly decreased in the group treated with the ve- 
hicle (0.2% carboxymethyicellulosc) (B - .03> and slight^ 
decreased in the cyclosporinc plus stroUmus-trcatcd 
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Figure 2. Photograph* Ifom fluorescent Microscopy of flat mounts of wtmal pigment epithelium (ftP6)-chomI(Kcleral complo*. A to C, Four. 7. and 1 4 days 
after Injection, respectively. 0, Hexagonal APE rails expressing gmn fluorescent protein, E and F, Cellular infiltration and RP£ dacruoe in virus-oontacted area 
at 7 (Q and 14 (F) days altar injec lion. Arrow* in C point to the virus-contact 2d area. D. £, and f *how higher rr»aonrfiC3 lions of the squares in L B, and C. 
respectively {cricjnaj magnification x;o |A<]> xSO [D-F]). 



group, but there was no statistical difference when com- 
pared with the normal coalrcl group 

W HITE BLOOD C EL L AND PIFFfRENTIAL 

COUNTS AND ANIMAL TOLERANCE 
TO THE IMMUNOSUPPRESSION 

To monitor the effect of iininunosxipprcssion on Sys- 
temic iinmunocorripctcncc, peripheral-blood samples were 
collected for white Wood cell count and duTereniiAl count 
(Figure 8). Immunosuppression by cyclosporins plus 
sirolimus significantly decreased the absolute number of 



white blood cell*, in comparison with the vchicle- 
trearcd group (Ps.02). White blood ccU differentiation 
showed that die number of lymphocytes and mono- 
cyt es was significantly redu ced (f <.O01 and P-.02, 
respectively). Cydosporine alone si^fica^>T^ucStscl~ 
lymphocytes and monocyies CP» -02 and P« .03. respec- 
tively) but did not affect the absolute number of total white 
blood cells (Pa. 09). SiTollmus decreased the number of 
lymphocyte; (P^= .02) but affected neither the number of 
monocytes nor the total number of white blood cells 
(P=,85 and P*.43, respectively). In all 3 groups, neu- 
trophils were uot affected (P>30). 
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Weight loss cccurrcd m all animals treated with cy- 
closerine plus sirolimus and cyclosporin*, hut not by 
sirohmusorvehicle (Kn-re 9). Cyclosporins plussiro- 
limus- Mid cyclosiujriDC-treatttl animals roniuiuousljr ex- 
perienced weight loss for 1 to 2 weeks but returned to 
ihdr baseline weight at 1 week after withdrawal ol nn- 
munosuppresslon, and illnus ^ h ™ al ^| h ^ l °S 
gained weight beyond their prctreatment levels at 2 weeus 
after the immunosuppression was suspended. 

Biochemical analysis showed that all groups had simi- 
lar bloodglucose levels at 5 weeks after injection <T«M« 3;. 
However, cyclosp orine plus sirolimus and cyclosponnc sig- 
SStenU; tacttMed *e levels of urea and creatinine and 



decreased the levels of inorganic phosphate and alkaline 

Linotransrerase and aspartate ^"« nn * fc ^ rt 2Sf 
rocad.crcHiedlcvelofaltoUnephosp^use.aooAe^io- 

chemical changes were found in die sroW^treated group 

In the Uvers and kldneys of aU {roups that had I expert 
Steed transient immunosuppression (data not shovm). 



A number of *udi« have examined rAd-mediated gen* 
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Ronre 4. Rubrescerrt irffaQfifc sMbwtoo'itisftn (toarescenr protein axprasslon in animal* treated with rransi^.lhffflurip^^ (A. D.'and C were IfMifedrVrfth 

cyctospqrine and sftclimus; B. : IL and'Ki vHth cyciosponpK anii GJ.aod I.' with sirofimus), 4*feyi?;(A, $ arid/p), 4 Week <F). S weeks (D, £, 3«d l)> ft^dja^H)^ 
and 1 0 vireaks ,{SJ after mjectlor (orlgthaf magnification x 8), • 





Figure 5. Percentage!: of ey« with green fluorescent protein (GfP) 
expression alter racomblnartt idenovtrus Injection and immunosuppression. 
TPe percentage of positive eytsincludes any eye erp/ossing GfP signal 
detected fay fundus fluoresces photography. The data represent 10 to 16 
~eyes per group Irom 4 days \< 5 week*.- and 4 eyes pel grow Jw-6.lo.t0__ 
weeks after Injection. C indicates cyclosporin* S. siroJimus. 



gene expression varies from 2 weeks to several months. 3 ^* 5 - 7 
In this study, ihe length of transgene (GFP) expression 
w«_ monitored by FFP in real ti:«c. We did observe a dif- 
ference in method se:x$ULvUy between PFF iu living ani- 
mals and fluorescein microscopy with fc-C-S whole mourns. 



figure S. Grades of greea fluorescent protein (Gf?) expression in animals 
ireeted by different strategies of immunosuppression alter subretinal t 
injection of recombinant adenovirus. C indicates cyclosporine; $. sirohmus. 
Asterisk indicates P<C01 vs 2 weeks after injection; dagger, /><*01 v$ grouo 
treated Wth cyetospopVie and slroiimus: and double dagoer. f^.OS vs croup 
ueated c^iaspffrine and aroTimus; all by unpaired Hesl. 



By fluorescent microscopy, GFP expression was suronger 
Ann that observed by FFt\ and in some eyes, GFP ex- 
pression occasionally lasted longer lhan observed by FFP. 
In most eyes, however we detected little GFP expression 
more than I weeks after injection, indicating shon-term 
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FifiUfffT. CftanoK of n-nrtai plnrmntatton atar suortfinal Injection ot recombinant adenovirus, with or wlhoat transient Itmnunosupprosiion 

(A and B, cydosporine plus siroBmus; c and 0, vetiide), a wwks (A and C) and a weds (B and D) after Injection. Arrows indicate the disturbed areas 

(ariolnal irugnrficab'an x6). 




.-SlS^-f ^ MoV ' -i-v^va1iniil5i lto;fc» V^j^^ftufe, yV^fe-Waye ifripficitrimfl. ms t»-Wm Amplitude; |)V 



6 

-4:. 



* ; 15. flVojs 

.16.7&X.1.28 



17S.2kt37.29 
i84;00,s*«.89 



•83.33 r 3.06 
6(.Q0r8,16 
67,00 c'9.03 



51*>.17» 96.22 
378.75 ± 32.04" 
aiSO* 107.6* 



. /r^.OSvs normal wntrclgfoiip.by_he«^ „ " _ " _ ' \ 

rAd-mediaied transg.cnc expression. The rAd-indueed com- 
plications were demonstrated, as cellular infiltration con- 
sisied of CD4- and CD8* Cytotoxic T lymphocytes and 
CD6^"Waopbag(*srclumpcdrctmal-pi^entation r de-~ 
creased b wave of ihe ERG. and retinal degeneration on 
histologic exaroina :ion. Finally, wc have dramatically im- 
proved nranSgenc expression through temporary immu- 
nosuppression by i'ic combination of 2 synergistic immu- 
nosuppressants, cyxrlosporine and sirollraus. 

, Traditionally, several sites in the body have been 
described as having immune privilege, including ihc 



eye. Earlier reports suggested ihfti the sttb^tinol space 
is totally immune-privileged with respect to directly 
delivered rAd 1U5 ; however, recent investigations showed 
-dfamaUc_controyersy. H M In this study, the gradual 
decrease or rAd-rrwdiated transgene expression could be 
the result of several change*, such as the cylOtnegalovl- 
promoter shutdown and immune responses to the 
viral vccior and GHr prottin. Wc cannot exclude that 
ihc reduction of GFP expression may be partially due to 
hiactivation of the cytomegalovirus promoter. However, 
we found a coincidence of reduction of GFP expression 
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^S„^ iCme . nt ^"flau^tory cells. Innnuoopheno-" 

SSLf? ^8 u cytotoxic T lymphocytes. We further 

fip"7^ «««>ded GFP expression by 

llEl a, ;, dccr " scd f expression with time Is more 
likely due 10 immune responses. U has been recently 

recombinant adeno-associs Led virus still resulted in GPP 

SSS?" ° Ur r D J""^' adeno- 
vlc ^~ me ^ i GPP expression remained 
relatively cormstent-fer-^pu, -i* rn Qruhs; « These facts 

S € .o the f ******* ■»»™e responses S 
related to the presence of rAd vector rather than GFP 
protein. f Previous studies have demonstrated that the 
Z i XV0lv ! d in ''Nation «f che rAd vector 

by host responses include (1) innate Immunity, (2) 
major ^compatibility crmpkx class l-resuicted cyto- 
toxic f-cell responses, and O) types 1 and 2 helper 

« e irl ed " lluln / and humoral immune re- 
k The reason for the lost immune privilege 
after subrenal delivery of rAd is unclear, lc is highly 
possible that the current technique of submittal injec- 
tion breaks the Mood-red «d barrier and allows some 
rAd pardcles to leak out of the eye. Once the immune 
system is primed by the talced rAd, the immune privi- 

8£i£ C f'f l0S . t -' 4 Morcov «. administration or a 
high dose or adenovirus could also cvofce n prominent 
delaycd-type hypersctisitiv.ty 3 ft W the second adminis- 
Lration of the same adenoviral vcclOr. w All these pitfalls 
««mii the application of ths first generation or rAd for 
ocular gene therapy. 

It is Important to uscge nerally accepted clinical tech- 
niques to evaluate the intraocular safety when consider- 
ing rAd for ocular gene therapy, particularly bysuWi- 
rul injection. In this study, fundus color photography 
Clearly demonstrated n progressive retinal depigmecila- 
uon m the rAd-mjecttd ar, : a. Thercsults of ERG, used 
to monitor the retinal funci ion. have been reported pre- 



figure 9. vgrfatlon hi iho wetofit ot rats monnrtA « U.—1.1., . . ~T 
data (tpruent 5 to a animatsln ^AarnZ? * ^^'ntnvils. Tho 



viously to be temporarily affected." The effect ofrAd on 
ERG response seems to be dependent on the rAd con- 
centration Delivery of 6X10* plaque-fomiirig units of 
. *«>»tnme^yorsubT^^ 

iCli ° . P|a f C : fomUn « :units > tadu «<*« signifi- 
cant <lecrc«e In the b-wavc amplitude of the dark- 

7 ? 5 COl ° r P hot °g ra T> n y. ERG, and bis. 
tolopc examination suggest that subretlnat dcUvery of 
rAd affccL, the neural retina function, indicating a 'po- 
tential retinal toxic effect. 

clear ? "if™ ° f ^ ^^^"uon is not 
... cl " r -.! hCT * Is evidenccsugges^g thatactivated periph- 
eral cytotoxic T cells in response to rAd migrate Into the 
mjectedsue. where they induce «popu«is through a Fas- 
Fas hsand-dependentmcchanbm.'* Fas receptor has been 
detected on the RFC cells, and binding of Fas-Fas lieand 
initiates a cascade ofapoptosis.^' This meoty may also 
explain our later results showiug that the combined tra- 
nwuosuppression improved GFP expression but was un- 
able to stop the progress of retinal damage. Other pos- 
sible mechanisms by which cytotoxic T cells kill the RPE 
cells involve perftirin-grantyme and tumornecrosis fac- 
tor interiors.* It is also possible chat the delivered rAd 
■ -uvauees proinflammatory cytokine release from UPE or 
photoreceptors and that they have pathologic effects even 
before tile appearance of inflammatory cells" More- 
over, the rAd-inducedRVE damage can further result in 
atrophy of the choroidal capillary beds.'* All these alter- 
attons affect transportation of nutrients from the 
choroid to the neural retina, which further leads to the 
irreversible retinal degeneration. Once the retina is de- 
generated, the damage would be permanent. 

Several approaches have been taken to circumvent 
the immune respo«ta;s to adenoviral vectors, such as de- 
letion of several regions fiom the adenoviral genome to 
engineer a less immunogenic vector. Unfortunately, fur- 
ther deletion of the adenoviral genome makes the vims 
less efficient or more difficult to propagate and obtain 
in high lilcr.' 5 -* The immune responses can be avoided 
provided tliat the vectors are delivered into neonatal ani- 
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rS^'6m^es vweefilicteil'S welts after viral injection. ^'intflca&Vi&^ ALT. aianlnc iml^fts?irasc; 

aodAST;aipans»amlnotraft3fera3€. . . . ; , ' ; *; * *>. 



|To convert .to rnllllmotes per Ww, Multiply by 0.0555. 
. tTo cbnvQrt to mleromoles per liter, multiply W 0.1 667. 
■§To convert to mlcrornoles per liter, multiply by BA.<. 
Fo convert to mlcromoles per liter, matflpy By 0.1053. 
V<.01 vs vchlci^uiated group b> /test, 

mals, which have an immature immune system , l ] but this 
stmegy is not of clinical relevance to ocular gene therapy. 

Suppression of the host immune system by immu- 
nosuppressants such as cyclosporine, tacrolimus, and cto- 
poaidc has signiflcanlLy.improvttd the efficacy of trans- 
gene expression^" 3 * However, most of the currently 
available munmiosuppressams display a narrow rangc-bc : " 
tween efficacy and toxic side elTects, Biasing *lhcm less 
attractive for clinical applies ti on. m? One Strategy to over- 
come this limitation Is to combine low doses of syner- 
gistic drugs to achieve more therapeutic effect. In this 
study, wc have demons listed that transient treatment with 
cyclosporins and sirolimu:; significantly prolongs r Ad- 
mediated transgene expression, and the combination is 
more effective than single-drug application. From the re- 
sults of white blood cell counting and differential count- 
ing, we showed that Cyclosporine und sirolimus, either 
alone or in combinatior., di-amatically decrease the num- 
ber of lymphocytes, and/or monocytes in scrum, with the 
combination being the mcsi effective. These results in- 
dicate that transient rrearrrw :nt with cyclosporine and siro- 
limus resulted in systemie;illy cellular immunosuppres- 
sion that Is sufficient to pi olong transgene expression. 

Although we could not conclude whether the com- 
bined effect is synergistic or additive, a number of pre- 
vious studies have demonstrated that cyclosporine plus 
siroliaiUS acts syncrfcisilcally on iminunosupprCs* 
sion. 5,ut . In the eye, cyclosporine nnd sirolimus inhib- 
ited retinal S-aniigen-?primcd lymphocyte proliferation^ 
and they showed a marked synergistic effect over a wide 
dose range as determined by a median- effect, analysts. 10 
The synergistic effect of cyclosporine and sirolimus cal- 
culated in vitro was further confirmed in vivo in the treat- 
ment of experimental autoimmune uveorL-ii cutis, dem- 
onstrated as complete inhibition of disease in all animals 
treated with the combination regimen. 20 The synergistic 
effect of cyclosporine and sirolimus allows the reduced 
doses of each drug to improve rAd-mediaced transgene 
expression. 

Interestingly, wc observed rebo'und GFP expression 
in the groups treated with "ryclosporine plus sirolimus and 
with cyclosporine but not in the sirolimus- treated group 
at 1 week after withdrawal of immunosuppression. Pe- 
ripheral white bluod cell counts and tMcrcntiid counts sug- 
gest (hut strong immunosuppression was achieved by cy- 
closporine plus sirolimus and by cyclosporine. It is possible 



that the strong effect of cyclosporine phis sirolimus and 
cyclosporine during the first 2 weeks not only circum- 
vents the systemic irnniunity but also suppresses cell ac- 
tivity. There is also another possibility, that continuous 
immunosuppression by cyclosporine plus sirolimus and 
cyclosporine may inhibit the activity of the cytomegalo- 
virus promoter in certain .contents, and withdrawal of im- 
munosuppression could relieve this inhibition. 

Finally, some weight loss occurred after the com- 
bined immunosuppression, but the weight was cruicldy 
regained after withdrawal of the treatment. Although bio- 
chemical analysis of scrum showed some changes in re- 
nal and liver function, histologic examinadon.did not sup- 
port obvious damage. 
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